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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the in process monitoring apparatus and lighting system 
which can be used especially for laser-welding processing about the monitoring apparatus and lighting 
system which display a laser-beam-machining condition with an image. 
[0002] 

[Description of the Prior Art] Laser oscillation capacity and output-control capacity improved in recent 
years, a lot of processing data accumulation was performed, and laser beam machining [ processing / 
cutting processing, / welding ] has spread. Since the fiber light guide is possible for especially YAG 
laser welding, it has spread in the various manufacture fields from having many advantages, such as a 
point that selection and modification of a machining location are easy, a point, in which high-speed 
welding more than several m per minute is possible, and a point with few thermal effects of the joint 
circumference, however ~ from a viewpoint of QA - yet ~ the monitor technique of a under [ welding 
(in process) ], and ******** disagreeable — the technique of the abnormality detection in welding is 
not enough, and in order to consider as very practical equipment, establishment of these techniques is 
called for. 

[0003] Conventionally as what carries out monitoring of the laser-beam-machining condition in welding 
etc. How to project laser slit light near the processing section, and to detect a groove etc. from an optical 
cutting plane, How (JP,9- 182984, A) to presume the intersection of the curve of a both-ends edge to be a 
welding location in quest of the approximation curve of the groove edge from the image pick-up screen 
of the groove section illuminated in welded tube manufacture. The approach (JP,2000-42769,A) of 
supervising the amount change of reflected lights of luminescence from a weld zone or a processing 
laser beam, and detecting abnormalities etc. is indicated. 

[0004] The approach of JP,9- 182984, A needs to install a lighting system and a camera ahead 
[ processing HEDDO ]. Moreover, if the approach of JP,2000-42769,A has abnormalities in laser beam 
machining, it does not judge based on the electrical signal corresponding to the optical reinforcement 
obtained by carrying out incidence of the light which prepared optical system in processing laser and the 
same axle, and condensed with the lens to CCD paying attention to a change peculiar to optical 
reinforcement appearing, and it does not treat image information. Furthermore, since these approaches 
observe a groove and the processing section according to an individual, respectively, in order to 
supervise the processing section circumferences, such as a monitor, a groove, etc. of the processing 
section, compound of a sensor is needed, and they cannot but enlarge a processing head from the need of 
attaching two sensors. Moreover, in order to perform signal processing different, respectively, two 
information processors are needed. 

[0005] In addition, these people are indicating the arc welding processing monitoring apparatus which 
reahzes the groove line detection and the welding point monitor by laser slit light projection with the 
same visual field in arc welding by JP, 1 1-146387,A etc. By this approach, the 1st camera and 2nd 
camera have attached in the front face the ND filter from which the permeability of light differs. 
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respectively, and photo a weld zone with both cameras. And the image of the arc part photoed with the 
1st camera and images other than arc parts, such as a molten pool, a groove, etc. which were photoed 
with the 2nd camera, are compounded, and it displays on a color monitor. Although groove detection 
and a processing point monitor can do this approach using the compounded single image information, 
since it is necessary to install a detection head and a slit light projector in the outside of the welding 
head, enlargement of a head part is not avoided. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, the technical problem which this invention tends to 
solve is offering the compact equipment which carries out monitoring in an in process based on the 
image of a processing condition in a laser-beam-machining system, especially a laser-welding 
processing system. 
[0007] 

[Means for Solving the Problem] The laser-beam-machining monitoring apparatus which starts this 
invention in order to solve the above-mentioned technical problem is equipped with the image pick-up 
equipment arranged so that the laser for processing and an optical axis might be in agreement in a 
processing head, and the lighting system which is built into an assist-gas spraying nozzle and illuminates 
a laser-beam-machining part, and is characterized by photoing and carrying out image display of the 
laser-beam-machining section illuminated by the lighting system. By using the reflecting mirror 
prepared in order that the laser-beam-machining monitoring apparatus of this invention may lead the 
laser for processing to the processing section, and arranging image pick-up equipment in the laser for 
processing, and a coaxial location Since the lighting system is included in the inside of the assist-gas 
spraying nozzle which supplies the assist gas which built image pick-up equipment into the processing 
head, and is used along with laser beam machining upwards to the processing section. There is no need 
of preparing excessive attached components in the part of a processing head, and a processing head can 
be constituted in a compact. 

[0008] The laser-beam-machining monitoring apparatus of this invention can acquire information 
required for the monitors and processing control of a processing condition, such as detection of a groove 
location, the amount of gaps of a groove, the exposure location of processing laser. ^tiie configuration of 
a fusi^ nzone^ bead width of face, and a through hole, only by the image processing based on the image 
information acquired with image pick-up equipment. Moreover, it has the 2nd camera adjusted so that it 
might be suitable for recognition of the 1st camera adjusted in the laser-beam-machining monitoring 
apparatus of this invention so that it might be suitable for image pick-up equipment at recognition of a 
laser-beam-machining part, and a laser-beam-machining section circumference part, and the image in 
which the image information further photoed with each camera is compounded, and the condition of the 
laser-beam-machining section is shown can be generated. 

[0009] It is difficult to recognize the circumference part in an image clearly that the brightness in the 
processing section photos even the time with one camera from the circumference part of the processing 
section in laser beam machining since it is strong. Then, it is desirable to have two cameras which share 
an optical axis mostiy, to install a light filter and an optical diaphragm in the front face of each camera, 
or to adjust the output amplification factor of a light-sensitive element, to adjust sensibility so that the 
laser-beam-machining section with high brightness may be suited in the 1st camera, and to adjust 
sensibility so that the circumference part of the low processing section of brightness may be suited in the 
2nd camera. Since the image which two cameras which share such an optical axis acquired is photoing 
the same field, the image which projected the processing section and its circumference on the screen of 
one sheet is acquirable by pihng up as it is. 

[0010] Furthermore, when compounding the image of the 1st camera, and the image of the 2nd camera, 
start the field of the processing section in the image acquired with the 1st camera, and fields other than 
the processing section in the image acquired with the 2nd camera are started. If two started fields are 
piled up, the image of one sheet which can observe clearly both the processing section and a processing 
section circumference part can be obtained. In addition, it is desirable to install an assist-gas supply 
nozzle ahead of the optical system for lighting inside an assist-gas spraying nozzle. With such a 
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configuration, since an assist gas sprays from the front of optical system and flows to the blow-off hole 
of a nozzle, optical system is not only maintained at clarification, but a foreign matter does not advance 
into a nozzle and optical system does not become unstable by the flow of gas. 
[001 1] By having a control section further, by the image processing based on the image information 
which image pick-up equipment acquired, the laser-beam-machining monitoring apparatus of this 
invention can judge the propriety of a processing location or processing conditions on real time, and can 
perform automatic control of laser beam machining based on this. In addition, welding processing can 
be targetted for the laser-beam-machining monitoring apparatus of this invention. 
[0012] At this time, it may be made to perform processing laser position control based on the groove 
positional information and laser radiation positional information of the image acquired with image pick- 
up equipment which were based and generated. Since the groove and the weld zone are obtained as a 
respectively clear image, the welding head can be led to the location of a groove and suitable welding 
processing can be carried out. Moreover, based on the configuration of a fiision zone and the condition 
of a through hole which are formed in a weld zone, processing conditions can be adjusted on-hne. 
[0013] When performing especially piercing welding and non-piercing welding, it is desirable that an 
image processing system carries out an automatic judging, and reports the through hole in a processing 
laser radiation location by the image processing. Moreover, as for the image-processing result used for / 
these laser-beam-machining control, it is desirable that display on an image display device and an / 
operator enables it to observe. 

[0014] The lighting system for laser-beam-machining monitoring apparatus of this invention is 
characterized by preparing the optical system for Ughting in the interior of an assist-gas spraying nozzle. 
Since the lighting system of this invention does not need to compound a lighting function with an assist- 
gas spraying nozzle indispensable to laser beam machining and does not need to add an excessive 
Ughting system to a processing head, it can constitute laser-beam-machining equipment in a compact 
Here, if it constitutes so that the assist gas for laser beam machining may be supplied from the front of 
the optical system for lighting and a laser-beam-machining part may be sprayed, optical system is 
stabilized and clarification can be held. 
[0015] 

[Embodiment of the Invention] This example is what improved the monitoring apparatus for arc welding 
which these people already indicated so that it might be suited using the description of laser beam 
machining, and enables the monitor and processing control of a processing condition with the image of 
the processing section. Hereafter, the laser-beam-machining monitoring apparatus and lighting system 
which are applied to this invention based on an example are explained to a detail. The drawing in which 
the example of the synthetic image of the laser-beam-machining section when the explanatory view of 
the assistant gas nozzle which uses drawing 1 for the block diagram of the laser-beam-machining 
monitoring apparatus of this example, and uses drawing 2 for this example, and drawing 3 use the 
equipment of this example for welding is shown, the drawing explaining how drawing 4 detects the 
condition of the groove section from the synthetic image of drawing 3 , and drawing 5 are the drawings 
explaining how to detect a through hole at the time of laser beam machining. 

[0016] As shown in drawing 1 , the laser-beam-machining equipment of this example reflects the laser 
beam 2 for processing emitted from the laser beam adjusting device 1 with the reflecting mirror 3 of the 
processing head 5, and irradiates the workpiece 4-ed. In laser beam machining, especially laser-welding 
processing, in order to suppress generating of the metal plasma harmfijl to processing quality, it is 
necessary to spray inert gas, such as helium and an argon, as an assist gas towards a processing point. 
Also in this example, ahead [ processing travelling direction ] the assistant gas nozzle 6 is installed, and 
an assist gas is supplied to the processing section. 

[0017] The assistant gas nozzle 6 has structure as shown in drawing 2 , introduces the illumination light 
into one edge 8 of the tubed body 7, forms the supply nozzle 9 in a center-section side face, and supplies 
an assist gas. An assist gas is sprayed on the processing section from the exhaust nozzle 10 established 
in another edge. The illumination light turns into a suitable convergence light according to the optical 
system 1 1 for illumination light, is emitted from an exhaust nozzle 10, and illuminates the processing 
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section. That [ illumination light's ] from which the thermal radiation ray emitted from an ingredient by 
the laser for processing or processing and wavelength differ is desirable, for example, the 2 which is 
wavelength of 532nm - 2nd higher-harmonic laser of 3W output YAG etc. can be used. Since the optical 
system 1 1 for illumination light is arranged behind the assist-gas supply nozzle 9, it is not influenced by 
the flow of the assist gas in a nozzle. And since an assist gas plays the role of seal gas, it prevents that 
optical system becomes dirty from the debris at the time of processing etc., and is held at clarification. 
[0018] The camera head 14 is attached in the processing head 5 at the posterior part, and two color 
cameras 12 and 13 are set to the camera head 14. A camera is installed so that an optical axis may tum 
into laser for processing, and the same axle, it carries out incidence of the beam of light which penetrates 
the reflecting mirror 3 for laser through the transflective mirror 15 or a reflecting mirror 16, and 
generates the image information of the same field centering on the processing section. In addition, 
although the reflecting mirror 3 for laser has a large reflection factor to the wavelength of the laser for 
processing, about other fields, the thing of the quality of the material in comparison with large 
permeabiUty is chosen. Moreover, two cameras 12 and 13 equip a wavelength field different, 
respectively with the filter which has sensibility, catch the processing part of the high brightness in one 
camera (for example, the 1st camera 12), and catch a processing section circumference part with the 
camera (for example, the 2nd camera 13) of another side. 

[0019] The image information of the 1st camera 12 and the 2nd camera 13 is incorporated by the image 
synthesizer unit 17, cuts off the field of the processing section caught with the 1st camera here, and the 
field of the processing section circumference part caught with the 2nd camera 13, respectively, and 
coalesces, and both the processing section and a circumference part make it the image information of 
one sheet which appeared clearly. At this time, it can also be made a legible image by ****** which 
performs respectively suitable color conversion. The image processing of it is carried out in an image 
processing system 19, and the compounded image extracts usefijl information to laser beam machining 
while displaying it on a surveillance monitor 18 and presenting observation of an operator with it In 
addition, the image caught with the 1st camera and the 2nd camera can also be displayed on a 
surveillance monitor 1 8 as it is, respectively. 

[0020] As useful information which can be acquired from the image information of the laser-beam- 
machining section and its boundary region by the image processing, there are detection of a processing 
laser radiation location, the configuration and area of a fusion zone, and a through hole, magnitude of a 
through hole, a groove location in welding, a gap of a groove, bead width of face, etc. Such information 
is sent to the laser-beam-machining control unit 21 while reporting it to an operator through the 
detection result display 20. The detection result display 20 may be the same as a surveillance monitor 
18. If the image and image-processing result of the laser-beam-machining section are displayed in piles, 
an operator can grasp a processing situation more exactiy. The laser-beam-machining control unit 21 
performs real-time processing control by controlling the laser adjusting device 1 and performing 
adjustment of a processing laser beam, and justification of a processing head. 

[0021] For example, a laser radiation location and the relative-position relation of a work piece can be 
controlled by groove positional information, and automatic groove **** can be performed. Moreover, 
the amount of eye blanks can be measured from groove positional information and laser positional 
information, the relative-position relation between a laser radiation location and a work piece can be 
adjusted, and eye blank correction can be made. Furthermore, if the through hole is closed while judging 
that it is unusual and performing piercing welding, if a through hole is detected while performing non- 
piercing welding, it will judge that it is unusual and an alarm will be carried out to an operator. In 
addition, it cannot be overemphasized that the image synthesizer unit 17 and an image processing 
system 19 may be constituted from a nucrocomputer of one body. 

[0022] Drawing 3 is a drawing in which the example of a type of the synthetic image which photoed the 
condition of performing laser welding is shown. The filter which penetrates the long wavelength field 
and infrared region of the light is used for the 1st camera 12, and the filter which cuts red light and 
infrared radiation is used for the 2nd camera 13. For this reason, since the processing section 3 1 of the 
image compounded by tiie image synthesizer unit 17 to which the laser for processing is irradiating in 
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the center mostly is generation of heat, it has been reflected brightly, and there is a molten pool 33 
compared with tiiat periphery by the illumination light, and the weld bead part 34 is reflected further a 
Uttle darkly back. If a dark small circle is in a beam exposure part, it will be a through hole 32. 
[0023] The ingredient front face 35 compared with the illumination light of the 2nd higher-harmonic 
laser of YAG irradiated from the front of welding advance is reflected to the outside of the part which 
has emitted a red light by laser temperature increase by plastic working. Since the illumination light 
does not arrive, the groove part 36 is displayed on darkness. Moreover, the outside of the exposure field 
of the illumination light serves as dark space 37. In addition, in order to make an image still clearer, the 
field which has appeared as an image in the 1st camera 12 may be cut out from the image of the 2nd 
camera 13, the image of the 1st camera 12 may be inserted in the cut-off part, and the image of one sheet 
may be compounded, 

[0024] Since light does not reflect from the groove part 36 to being bright by reflection of the 
illumination light, it is dark in the ingredient front face 35. Therefore, it can ask for the location of the 
groove line 36, and a gap G, i.e., groove width of face, easily using a synthetic image. In the synthetic 
image 30 as shown in the right-hand side of drawing 4 , cutting-plane-line A-A' perpendicular to the 
direction of a groove 36 is set up, and brightness change is measured along with this cutting plane Une. 
Then, it becomes the configuration where the groove part 36 fell as shown in the left-hand side of 
drawing 4 . The width of face of this part that fell turns into the groove width of face G. 
[0025] Since the laser for processing is irradiating the core of the processing section 3 1, it can know the 
beam exposure location R immediately from a synthetic image. Moreover, the center line of the groove 
section 36 and the distance of the beam exposure location R are the amounts D of eye blanks. By the 
camera image, as for the fusion zone 33, the beam exposure section 31 is [ brightness ] the highest the 
degree to the field where brightness is high. Since a brightness difference is between a fusion zone 33 
and the part 34 of the outside, the configuration of a fusion zone can be decided by threshold processing, 
and it can ask also for the area of a fiision zone easily. 

[0026] Although a through hole 32 is detectable with the processing using a threshold suitable as a dark 
hole which exists in the bright beam exposure part 3 1, in order to judge mechanically at high speed, the 
approach shown in drawing 5 may be used. That is, the difference of the average lightness of the pixel 
40 setup eight places is computed on the outskirts of average lightness and the outskirts of a core 39 of 
an aperture 38 by using as an aperture 38 the field which consists of a pixel of 8x8, for example, making 
the location of an aperture 38 rock slightly by part for the core of an image, and it judges as compared 
with the threshold which was rocking and defined the greatest lightness difference suitably. Since it is 
darker than the beam exposure section 3 1 if there is a through hole 32 and a lightness difference 
becomes large, the existence or nonexistence of a through hole can be immediately judged by the easy 
operation. Furthermore, by the front face being a convex configuration, since the weld bead section 
which continues behind a fusion zone 33 is not a flat surface, it can detect a boundary line by edge 
processing. It can ask for the weld bead width of face B from the configuration of the weld bead 34 
which is in a copy. 

[0027] In this way, since the condition of laser beam machining for which it asked calls an operator's 
attention, it can be displayed, or can be supplied to a processing control unit and is applicable to 
automatic-control operation. Although it was anxious for the Inn process control approach that laser 
working speed is becoming very high with improvement of laser capacity, and reliance can be placed in 
recent years, according to the laser-beam-machining monitoring apparatus of this example, laser-beam- 
machining control can be performed in an in process as mentioned above. Although this example is 
applied to laser welding, it cannot be overemphasized that the laser-beam-machining monitoring 
apparatus of this invention can be similarly used in laser beam machining of other classes, such as laser 
beam cutting and a laser punch. 
[0028] 

[Effect of the Invention] Only the image processing based on the information which performed 
advanced welding information gathering, without reducing components mark and also enlarging a 
processing head part since the laser-beam-machining monitoring apparatus and lighting system of this 
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invention incorporate image pick-up equipment in a processing head, a lighting system is built into an 
assistant gas nozzle indispensable to laser beam machining and it uses, and was moreover acquired can 
generate useful welding information as explained above, and laser beam machining can be controlled 
now directly. 

[Translation done.] 
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